INTRODUCTION
Gallbladder (GB) sludge is defined as a suspension of cholesterol monohydrate crystals or calcium bilirubinate granules mixed with mucin and proteins. 1 GB sludge was first detected in the 1970s with the advent of ultrasonography (US). Thereafter, it has been more frequently identified as US resolution has improved, and routine check-ups that now regularly include abdominal US. GB sludge shares somewhat with gallstone in specific clinical situations, such as pregnancy, rapid weight loss, total parenteral nutrition, octreotide treatment, bone marrow transplantation, and ceftriaxone treatment. [2] [3] [4] [5] [6] [7] However, the clinical significance of GB sludge has not been fully established, although a few reports suggest that it may be associated with acalculous cholecystitis, 8 acute cholangitis, 9 and biliary pancreatitis. 10, 11 Furthermore, the clinical outcomes of GB sludge accompanying biliary pain remain elusive. Therefore, the aim of this study was to evaluate whether patients with symptomatic GB sludge could experience subsequent biliary events, such as acute cholecystitis, acute cholangitis, or acute pancreatitis.
MATERIALS AND METHODS

Patients
Among 
Definition of gallbladder sludge and biliary events
GB sludge was defined on US as the presence of low-level echoes that shift with position changes and had no post-acoustic shadowing. 12 Patients with hyperechoic foci without associated acoustic shadowing were also defined as having GB sludge for the purposes of this study. All the abdominal US were performed by radiologists who specialize in performing gallbladder US with a standard imaging protocol, using a 3.5-to 7.0-MHz rotatory sector scanning transducer.
Typical biliary pain was defined when all the following were noted: (i) severe, steady pain located in the epigastrium or the right upper quadrant; (ii) episodes lasting ≥30; and (iii) symptoms occurring on one or more occasions in the previous 12 months. 13, 14 A biliary event was defined as the occurrence of one of the following: acute cholecystitis, acute cholangitis, or acute pancreatitis. Acute cholecystitis and acute cholangitis was diagnosed according to the revised Tokyo guidelines. 15, 16 Acute pancreatitis was diagnosed according to the revised Atlanta classification. 
Statistical analyses
The baseline characteristics were compared by using an independent t-test or
Mann-Whitney U test for the continuous variables, and Chi-square test or
Fisher's exact test was used for the categorical variables. After that, the cumulative rate from each type of biliary events was calculated during followup by using Kaplan-Meier analysis, and the rates were compared by using a log-rank test. All potential prognostic factors with a probability value <0.05 on univariate analyses were entered into the multivariable Cox regression models, by which the hazard ratio (HR) and 95% confidence interval (CI)
were calculated. A two-sided P-value < 0.05 was considered statistically significant in all of the analyses. All the statistical analyses were performed with SPSS software (version 20.0 for Windows).
RESULTS
Baseline clinical characteristics
The characteristics of the patients in the GB sludge and non-GB sludge cohorts are summarized in (P = 0.021) ( Fig. 2A) . Acute cholecystitis, acute cholangitis, and acute pancreatitis occurred in 6 (10.3%), 6 (10.3%), and 10 (17.2%) patients in the GB sludge cohort and 2 (2.8%), 2 (2.8%), and 6 (8.5%) patients in the non-GB sludge cohort, respectively, during the follow-up. The 2-and 5-year cumulative rates of acute cholecystitis, acute cholangitis, and acute pancreatitis were 10.7% and 15.6%, 11.5% and 15.5%, and 18.4% and 18.4%, respectively in the GB sludge cohort and 2.0% and 5.3%, 2.0% and 5.3%, and 11.1% and 11.1%, respectively in the non-GB sludge cohort (Fig. 2C, B, D) . 
Cox regression analysis for biliary events
The Cox model showed that the hazard ratio (HR) for subsequent biliary 
Biliary events in patients with GB sludge after cholecystectomy
The patients in the GB sludge cohort were further evaluated for biliary events after cholecystectomy. Patients who underwent cholecystectomy experienced less biliary events than those who retained their gallbladders (2/16, 12.5% vs.
17/42, 40.4%, respectively), although it did not reach statistical significance (P = 0.067) ( Table 3) .
Serial abdominal US examinations were performed in 13 of the 58 patients with GB sludge and 14 of the 70 patients without GB sludge. Among the patients with GB sludge, the sludge disappeared in 3 patients (23.1%) and persisted in 5 (38.5%) and gallstones developed in 5 patients (38.5%).
Gallstones developed in 4 patients (28.5%) in the cohort without GB sludge. 
DISCUSSION
The natural course of GB sludge is diverse and remains unclear. Sometimes, GB sludge disappears spontaneously on removing the predisposing factors.
Otherwise, gallstones develop in some patients during follow-up. 8, 10 However, the clinical outcome of GB sludge accompanying typical biliary pain has never been reported. This study showed that biliary events occurred more frequently in symptomatic patients with GB sludge, compared to patients without GB sludge and cholecystectomy in symptomatic GB sludge patients reduced subsequent biliary events. Therefore, it is suggested that GB sludge is an independent risk factor for subsequent biliary events in patients with typical biliary pain. To the best of my knowledge, this is the first study to demonstrate that GB sludge is an important risk factor for subsequent biliary events in patients with typical biliary pain.
The 6% annual rate of biliary events in the GB sludge cohort might seem a little higher than expected. This may be explained by the fact that almost half of biliary events were acute pancreatitis, which is usually caused by small stones or sludge migrating to the distal common bile duct. 11, 18, 19 Moreover, considering gallstones were observed in about 38% in GB sludge cohort using serial US examination, GB sludge may physiologically function as small gallstones, which can cause acute pancreatitis.
In patients without GB sludge, the 5-year cumulative rate of biliary events was 15.8% in our study. Patients with microlithiasis may have been included in the study because abdominal US has a low sensitivity for microlithiasis or sludge, especially stones of < 3 mm diameter or stones located in the GB infundibulum. 11, 20, 21 Furthermore, even in cases of normal abdominal US finding, GB sludge can be detected through microscopic examination of the duodenal bile. 21 Therefore, in this study, both undetected microlithiasis and sludge might have considerable effect on the development of biliary events.
Abdominal US is the gold standard for the diagnosis of cholecystolithiasis with sensitivity ranging between 92% and 96%. 22 However, it is unlikely to detect biliary events when stones are located in the infundibulum or if stones <3-mm diameter or GB sludge are present. 23 Besides, there are some obstacles to getting clear US images, such as obesity or intestinal loops and gas interposition. Recent studies have shown that the sensitivity of endoscopic US for GB sludge is up to 96%. 21 Therefore, if classical biliary pain without abnormal gallbladder is found on abdominal US, further investigations such as endoscopic US should be considered to identify the culprit because even in patients without GB sludge, subsequent biliary events were as high as 15.8%
and 28.5% of the patients eventually developed gallstones on serial abdominal US.
Although cholecystectomy is the treatment of choice in patients with symptomatic gallstones, the role of cholecystectomy for GB sludge has not been well evaluated. Lee et al. emphasized that GB sludge should be treated as gallstones when it is accompanied by biliary pain or recurrent attacks of acute pancreatitis. 11, 24 However, there are few reports supporting cholecystectomy having a prophylactic role for subsequent biliary events in symptomatic GB sludge. Cholecystectomy in symptomatic GB sludge patients reduced subsequent biliary events in our data. Moreover, gallstones were observed in one third of patients with symptomatic GB sludge during the follow-up. Therefore, it is suggested that cholecystectomy is a definite treatment in symptomatic GB sludge patients and early cholecystectomy within 2 years after detection of GB sludge is preferable because fewer biliary events developed later than the first 2 years.
This data had certain limitations. First, this was a retrospective study, whereas the data was collected prospectively. Second, the diagnosis of GB sludge was made exclusively on abdominal US, which has a low sensitivity for detecting GB sludge and microlithiasis, so false negatives may have occurred in the non-GB sludge cohort. Finally, functional gallbladder and sphincter of Oddi disorders were not evaluated, which may be accompanied by features of biliary complications. 25 Since the prevalence of functional gallbladder disorder among patients with biliary type pain and a normal abdominal US occurs up to 8% in men and 21% in women, 26, 27 it might be a confounder.
In spite of the limitations, this study provides evidence that GB sludge with typical biliary pain can cause subsequent biliary events frequently, and cholecystectomy may prevent subsequent biliary events.
